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THE LOWER OXIDATION STATES OF ALUMINUM' 

Str: 

Evidence for the existence of the -f-2 and +1 
oxidation states of aluminum includes demonstra- 
tion of the existence of certain compounds prepared 
in the absence of solvents,* spectroscopic evidence,' 
and data relating to the anodic oxidation of alu- 
minum in liquid ammonia and other solvents.'1 

Thermochemical considerations* also indicate that 
these oxidation states should exhibit appreciable 
stability even in the form of the crystalline 
halides. 

We wish to make a preliminary report on what 
we believe to be conclusive evidence for the exist- 
ence of these oxidation states in solution, based 
upon potcntiomctric titrations of liquid ammonia 
solutions of ahiminum(II!} iodide with liquid am- 
monia solutions of potassium using the equipment 
and procedures described previously.6 

In a typical experiment, 8.31 X 10-4 g. eq. wt. of 
pure aluminum(III) iodide dissolved in ca. 43 ml. of 
anhydrous liquid ammonia was titrated with S.5C X 
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10"' M potassium solution. The titration curve 
shows two quite distinct end-jx>ints which corre- 
spond to the addition of .'J.2."j and 0.(>0 ml. of the po- 
tassium solution; the calculated volumes required 
for reduction of Al*' to Al,a and Al-"1 are 321 and 
(i.49 ml., respectively. 

Following the end-point corresj>onding to com- 
pletion of reduction to Al *J, a trace of white crys- 
talline solid appears, the potential decreases gradu- 
ally, then increases until the end-point corresjiond- 
ing to Al*' is reached. A similar trend is observed 
following reduction to Al"1. In view of the known 
chemistry of Al"3 in liquid ammonia,7-9 it seems 
reasonable to attribute this Ixhavior in both in- 
stances to the occurrence of slow ammonolytic re- 
actions resulting in the separation of ammonobasie 
salts. Finally, when a slight ;-::cess of potassium 
over that required for reduction to Al° is added, the 
potential increases at. 1200 mv. and this is coinci- 
dent with the appearance of a permanent blue color- 
ation which is too intense to be attributable to an 
ammonia solution of aluminum.* 

These and related experiments will be described 
in more detail in a later communication. We aie 
presently extending this method to the study of the 
intermediate oxidation state problem with other 
Group III elements, and those of both the lanthan- 
ide and actinide series. 
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POTENTIOMETIUC TITRATIOX OF HALIDKS OF AUMI.MM, GALLIUM, 
INDIUM   AND  THALLIUM   WITH   POTASSIUM   IN   LIQUID   AMMONIA12 

BY GEOKUL W. WAIT, JAMKS L. HALL AND GHKGOKY R. CHOPPIS 

Department of Chemistry, The I'niverxity of Texas, Aimlin, Texas 
Htcetttd Xoeemhcr IK. 1951 

The potentiometric tit rat ion of the iodides of gallium(III ) and indium(lll) with solutions of potassium in liquid ammonia 
provides evidence only for the three-electron changes resulting in the formation of the corresponding elemental metals. 
Similar titrations involving thallium(III) chloride are complicate*! by the fact that the elemental thallium first produced 
competes in the reduction of the +3 chloride. These studies provide evidence ft - the formation of TI "; element*! thallium 
is the end-product of the reduction reaction. Further studies on the potentiometric titration of aluminum(III) iodide with 
liquid ammonia solutions of potassium and potassium amide and different possible reaction mechanisms are considered. 
The reaction with potassium amide produces aluminum(III) amide which is thereafter converted to |>otassium amniono- 
aluminate. 

This paper is concerned with results obtained in 
.studies involving a novel approach to the detection 
and characterization of unusual oxidation states 
of the elements. The method in question consists 
of the potentiometrie titration of liquid ammonia 
solutions of appropriate salts of higher oxidation 
states of the elements with standard solutions of 
alkali or alkaline earth metals in liquid ammonia. 
The titrations are conducted below the normal 
boiling iK>int of ammonia {e.g., —38 to —40°) 
in an anhydrous and oxygen-free system using 
equipment and procedures substantially identical 
with those descril>ed by Watt and Otto.* 

Experimental 
Materials. With the exceptions noted Ix'low, ail mate- 

rials employed in this work consisted of reagent grade 
chemicals. 

Aluminum(III) iodide »a» prepared by direct union of 
(he element* by a method especially designed to yield a 
product free of elemental iodine. This procedure will Is- 
described elsewhere.' 
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(2)   Presented at llic Sytuponi'ini on  L.;uid A loma Chetui»try. 
St-iitemoer. 1932. Meeting of Ilie American Chemical Society. Atlantic 

City. X. J. 
(J) C W. Watt and J. II title Jr . J. Bltctrotkim. Sac, M. 1 

. I till). 
(4) O. W. Watt and J I. Hall "Iinirsanic SyntlieM*." Vol. IV. 

in i'TtM». 

Al, 0.0;   I. U--I.4.    round: Al, 

the 

Anal.    Calctl. for All,: 
11.5; 1.93.2. 

(•allium(III)   iodide   was   prepared   by   essentially 
method described by Jchnson and Parsons.5 

Anal.    Calcd. for Gal,:  1,84.5.   Found:  1,84.5. 
With only minor modifications, the method of Johnson 

and Parsons was also used in the preparation of indium(III) 
iodide. 

Anal.    Calcd. for lnls:  I, 77.C.   Found:  I.77.C. 
In the absence of a satisfactory procedure for the prepara- 

tion of either the iodide or bromide of thallium(III), the 
corresponding chloride was obtained front the City Chemical 
Corporation and used without further purification despite 
its lesser solubility in liquid ammonia. 

Methods.—Since the equipment and procedures involved 
in carrying out the potentiometric titrations have Is-en de- 
scribed in considerable detail elsewhere' they need not Is- 
discussed here except to |M>inl out that the initial volume of 
the liquid ammonia solutions titrated was in all cases ap- 
proximately 50 ml. Reactions carried out on a larger scale 
and having as their objective the isolation and identification 
of intermediates and/or final products employed equipment 
and techniques of the type described by Watt and Keenan.' 

Titration of Thallium(IIi) Chloride.—A solution and sus- 
pension of 0.91 meq. of thallium(III) chloride atid 2.01 meq. 
of sodium chloride (in solution, as a supporting electrolyte) 
was titrated with a 0.0586 M solution of potassium in liquid 
ammonia. The data for a typical ease are given in Fig. 1. 
When the first portion of potas-ium solution wa> added a 

(S)   W.   (\   Jolm.on  ami   I    II. 
; 1930S. 
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Fig.   1.   -Potentiometric  titration:    thallium(III)  chloride 

with potassium. 

Mack precipitate formed but rather c|uickiy disappeared. 
As the tit rat ion proceeded, however, t lie rate of disap|>earanec 
of this product decreased; some of it agglomerated and set- 
tled to the bottom of the reactor when? it thereafter rc- 
acled slowly if at all. Finally, upon addition of potassium 
solution iu excess of that required for complete reduction 
to elemental thallium, the solution assumed the characteris- 
tic blue color of solutions of alkali metals in ammonia and 
the accompanying increase in potential was that character- 
istic of such solutions.' The blue color, however, was no; 
permanent, but it decreased in intensity only slowly. The 
ammonia-insoluble product of the reduction reactions was 
identified as elemental thallium by means of an X-ray dif- 
1 met ion pattern obtained using ( uKa radiation, a nickel 
filter, a tutie voltage of HO k\\, a filament current of 15 ma. 
and an exposure time of 4 hr. Found (relative intensities 
in parent hews): it — 2.62 (strong), 1.72 (medium) and 1.57 
(medium). The corresponding values from the literature' 
are: <i - 2.62 (1.00), 1 .73 (0.3) and 1.57 (0.5). 

Titration of Indmm(lII) Iodide. A solution containing 
0.70 meq. of indium(III) iodide was titrated with a liquid 
ammonia solution 0.0-1(18 .1/ with respect to potassium (see 
Fig. 2). 1'pon the first addition of potassium solution there 
appeared a black precipitate of elemental indium which 
continued to form as the titration proceeded. 

Titration of Gallium- III i Iodide. The titration of a solu- 
tion of 0.4(1 meq. of gallium(III) iodide with 0.0403 St po- 
tassium solution to form elemental gallium (Fig. 3) pro- 
ceeded in a manner substantially identical with that dc- 
scrilied for indium. 

Titration of Aluminumdll' Iodide.*—In a typical ease, 
0.R.I meq. of aluminumdll; iodide in solutiin in liquid 
ammonia was titrated with 0.0541 St potassium solution 
(see I'ig. 4 :. As the progress of the titration approached the 
lirst minimum shown in the curve (Fig. 4) a verv finely 
divided grav-while solid began to separate from the solu- 
tion and this |x-rsisted throughout the remainder of the ti- 
tration. After the addition of that inTement of potassium 
solution which provided the first excess of alkali metal, the 
blue potassium solution and the gray-white solid coexisted 
apparently without change over period* greater than five 
hours. 
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Fig. 2.   -Potentiometric titration:   indiiim(III) iodide with 
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Fig. 3.—Potentiometric titration:    gallium(III) iodide with 
potassium. 

In order to choose between different possible mechanisms 
that might be compatible with experimental results of the 
type shown in Fig. 4, it would be nclptul to know whether 
any hydrogen is evolved during the course of the reduction 
reactions. It is impractical to attempt to secure this in- 
formation from the potentiometric titration runs since tin- 
solutions that are titrated are stirred by means of a stream 
of anhydrous oxygen-free nitrogen that is presaturated with 

v^. 
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Fig. 4.—l'otctitiometric titration:      nluminum(III) iodide 
with potassium. 

ammonia.1 Hence if hydrogen won; formed, its volume' 
would !>"• rit-Rliniblc; in relation to the volume of nitrogen 
ollccted tmd the measurement of the quantity of hydrogen 

would be quite inaccurate. Accordingly, (.hit*difficulty was 
overcome by reducing aluminum( III) iodide with jx>ta«sium 
solution on a considerably larger scale using equipment of 
the type descntx*! previously* which provides for stirring 
with a stream of ammonia only and for the collection and 
analysis of water-insoluble gases. In four separate experi- 
ments, 4.f>. 4.0, 7.2 and 2.5 met), of aluminumf. Ill) iodide 
(each sample in an initial volume of approximately 40 ml. of 
liquid ammonia) wen: titrated with, respectively, 0.19, 0.22, 
0.64 and 0.34 M |x)tassium solutions. The major variable 
in these four experiments was the rate of addition of the 
IKitassium solutions which was varied (respectively) from 
ra. 7 to 0.5 hr. Although the four results wen- not entirely 
internally consistent, the volumes of hydrogen collected 
during the course of the reduction reaction's varied from 0 to 
> 100'c of that calculated on the assumption that all of the 
potassium added reacted to form an equivalent quantity of 
hydrogen. Further, the volume of hydrogen formed ap- 
|X'ars to depend u|x>n the rate at which the potassium solu- 
tion is added. 

Titration of Aluminumf III) Iodide with Potassium Amide. 
— In other experiments potentially of imtxtrtanec in the 
interpretation of the reduction reactions cfescrtlHjd alx.vc, 
1.00 meq. of aluminum(III) iodide in ra. 50 ml. of liquid 
ammonia solution was titrated with 0.0478 M potassium 
amide solution.    The resulting data an' shown in Fig. .") 

Discussion 
In view of the well established stability of the 

Tl + I it was anticipated that the potent iomet He 
titration of thallium(III) ehloride with potassium 
might at least give evidence of the successive 
formation of TV1 and Tl*. For the case shown in 
Fig. 1. corresponding changes in potential should 
occur upon addition of 10.3 and 1.1..") ml. of potas- 
sium solution However, the reaction that occurs 
as the result of the addition of the first 2:2 ml. of 
potassium solution (,se<> Fig. 1) evidently involves 
the partial reduction of Tl'* to black ammonia- 
insoluble Tl" which in turn reacts fairly rapidly to 
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1.60 
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X 

** 
0.80 

0.40 

0.00 

-0.40 

1,1,1,1. 1,1,1.1.1. 1   .   1 
2      0    10    14    18   22   26    30    34    38   42 

KNH, Soln.. ml. 
Fig. 5.—I'otcntiometrtc titration:      aluminum(III) lodid* 

with potassium amide. 

reduce :,ome of the remaining Tl*1 to Tl + 1 and/or 
Tl'-. The reaction between Tl° and Tl"13 seems 
more probable than a possible interaction of Tl" 
and the solvent' since the rate at which the Tl° 
reacts appears to decrea.se progressively as the 
supply of T1*J decreases. Following the addition 
of '2:1 ml. of potassium solution, the black solid 
(identified as elemental thallium at the end of the 
run) was present as a solid phase in increasing 
quantity as the titration progressed and it appeared 
to react only relatively slowly for a time and finally 
not at all. Owing to the interference by this 
concurrent reaction involving Tl°. it is not to be 
expected that the two subsequent changes in po- 
tential could be correlated strictly with the antici- 
pated stoiehiometry corresponding to possible 
intermediates in the reduction process. Tims in 
the case of the data of Fig. 1, it is apparently 
fortuitous that the increase in potential amounting 
to 0.2 v. that occurs upon addition of 8.0 ml. of 
potassium solutions agrees well with the value of 
7.8 ml. calculated on the assumption, that the Tl° 
first produced then reduces Tl*' to Tl*5 and Tl*1. 
Actually, this increase in potential probably corre- 
sponds to the completion of reduction to Tl*1 

but is displaced to the left owing to reduction 
attributable to Tl". In effect, the intermediation 
of reduction reactions involving the freshly pre- 
cipitated Tl° renders the data for the remainder of 
the titration almost impossible of rigorous inter- 
pretation. Furthermore, it has l>een found that 
data of the type shown in Fig. 1 are not strictly 
icpiodueible; the same changes in potential arc 
observed from run to run but the relative positions 

;'i A U. MrKlroy. I. Kl.inl.cis an.I A \\ Dun.Non. J. An 
Chtm.Soc . T«. 73s (l9.Wi; <•/. C. A. S.•••!>•. ,ia M ll..r. "Cuniprshcii. 
*ive Treat:*.- on Inorganic an,I rii,.,ir,'i,'»l (°h.-u,;«i ry " Vol. V. I.one 
inanv C.rcon and Cn . S-w York. N'. Y . IM7. p   ,21. 
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at which these changes occur arc somewhat subject 
to variation. 

The data shown in Figs. 2 and 3 indicate that the 
reduction of the iodides of indiurn(III) and gallium - 
(III) involves only the three-electron changes 
corresponding to reduction to the respective ele- 
mental metals. Evidently the +2 and +1 oxida- 
tion states of these elements are not stable in 
liquid ammonia under the condition.-) involved in 
these experiments These results are somewhat 
surprising in view of existing evidence for these 
lower oxidation states in liquid ammonia, other 
solvent media  and in the solid state.'" 

The results obtained in the potentiometrie titra- 
tion of aluminum(III) iodide with potassium have 
previously l>eeu interpreted* as evidence for the 
existence of the +2 and f-1 oxidation states of 
aluminum. With reference to Fig. 4, for example, 
the calculated volumes of potassium solution re- 
quired for reduction of Al~3 to Al"' and Al*1 are .">. 1 
and 10.2 ml., respectively. An inspection of Fig. 4 
shows that the; exjHJrimental results are in excellent 
agreement with these values and the reproducibility 
of these results has been amply demonstrated. 

It has been suggested, however, that these 
results might also be explained in terms of a series 
of acid base equilibria," e.g. 

Al*' - XII, ^± AINU,'3 -r XII,* 

A1XH,-* + NH, ^Z* Al(Xir,),*' + XH,' 

AKXII,),"  f- XHi ^± Al(XII-), -t   Ml," 

wherein the observed changes in potential could 
correspond successively to the three aluminum- 
containing species shown above. Thus it is proposed 
in effect that the aluminum(III) iodide is ammono- 
lyzed and that the reaction that occurs upon 
addition of potassium is that with NH,~ to liberate 
hydrogen.    Our experiments designed to determine 

UO)   For  rrxirw  and  (inmary  rrfi-rrn'-cs sec: 
iatt.ilinr   Ox.Nation   Slalr*   nrwl   Tln-ir   Stabiiiinti 
Kanaaa l*n*w.   La-vrrner.   Kan..   IU.*»0;     J.  Chtm. 
(10.12). 

•il)   II.  A. I.iutmi'll.  pnvafe roii.iiintiicution. 

3. KU-infMTK. "I'n- 
>n." T'nivrr*ily of 
Education, *t), 3!M 

whether hydrogen is evolved have; led to results 
that are not satisfactorily conclusive. It appears 
that hydrogen is indeed evolved in substantially 
the stoichiometric quantity if the reaction is carried 
out rapidly but that the quantity of hydrogen 
liberated decreases as the time of addition of 
potassium solution is increased to as much as 7 hr. 
Since the potentiometrie titration must l>e carried 
out very slowly {e.g.. perkxls of time of the order 
of 48 hr.) in order to ensure the re-establishment of 
equilibrium after each addition of potassium, there 
remains the question as to whether any hydrogen is 
produced in runs of the type that led to the data of 
Fig. 4. Additional experiments concerned with the 
questions of hydrogen formation and the identity 
of other ammonia-insoluble intermediate and final 
reduction products are in progress. 

Two additional lines of evidence bearing upon 
the mechanism of the reduction of aluminum(III) 
iodide with potassium also merit consideration. 
If the data of Fig. I are to be interpreted in terms 
of ammonolysis, it might be expected that the same 
intermediate and final species should \H> formed by 
the reaction between a!uminum(III) iodide and 
potassium amide in liquid ammonia. That such 
is clearly not the case is shown by the data of Fig. .">. 
The changes in potential that occur upon addition 
of 22.1 and 29.5 ml. of potassium solution conform 
almost exactly to the reactions 

Al*' + 3KXII, —>• A1(XH,), + ;1K • 
AI(NHt)i + KXH,—>- KAI(XH2), 

The white ammonia-insoluble aluminum(III) amide 
that is formed first then reacts with additional 
potassium amide to form a soluble salt of an ampho- 
teric base. Finally, it should be pointed out that 
if aluminum(III) amide were the final product of 
the reduction of aluminurn(III) iodide with potas- 
sium, any excess of the metal added would un- 
doubtedly react with the insoluble amide to form 
one or more salt:; of this amphoteric base. It was 
observed, however, that solutions of potassium 
do not react with the end-product of the reduction 
react'on over periodc up to several hours. 

v - 
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"Aluminum(I) Iodide" 

By George W.  Watt and James L.  Hall 

(Manuscript to be submitted for publication in The Journal of the American 
Chemical Society. ) 

Abstract 

The reduction of one mole of aluminum(lll) iodide with two gram- 

atoms of potassium in liquid ammonia at -33. 5° yields a white 

ammonia-insoluble solid which contains only aluminum,   iodine, 

and ammonia.    Aluminum and iodine are present in exactly a 1:1 

ratio; the ammonia is loosely bound and is lost slowly at room 

temperature.    When heated to 800°,   ammonia is the only gaseous 

product; the residual solid contains one gram-atom of potassium/ 

gram-atom of iodine.    The data indicate that the primary reduction 

product consists of the 3-ammonate of aluminum(I) iodide and the 

only contradictory evidence is the fact that this product fails to 

exhibit reducing properties. 
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"Potentiometric Titration of Simple Salts with Potassium in Liquid Ammonia. " 

By George W.  Watt,  Gregory R.  Choppin,   and James L.   Hall. 

(Manuscript accepted for publication in The Journal of the Electrochemical 
Society. ) 

Abstract 

By means of potentiometric titrations of solutions of salts with 

solutions of potassium in liquid ammonia at -38  ,  it has been shown 

that bismuth(III) iodide is reduced to Bi  ,  K-Bi_,   and K.Bi. without 

intermediation of either the + 2 or -f 1 oxidation state of bismuth. 

The reduction of Iron(II) bromide is very complex and apparently 

does not involve the intermediate formation of Fe      .    The reduction 

of potassium nitrate involves only the reduction of nitrate ion to 

nitrite ion,  followed by precipitation of potassium hydronitrite. 

Data relative to the reduction of cobalt(II) nitrate have permitted 

a choice between two possible reduction mechanisms previously 

proposed.    The data presented in this paper clearly demonstrate 

the usefulness of the potentiometric titration technique in the study 

of the mechanism of inorganic reduction reactions in ammonia. 
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"Potentiometric Titration of Am mine 8 of Rhodium, Iridium,  and Platinum 
with Solutions of Potassium and Potassium Amide in Liquid Ammonia" 

By George W.  Watt,  Gregory R.  Choppin,  and James L.  Hall 

(Manuscript accepted for publication in The Journal of the Electrochemical 
Society. ) 

Abstract 

Potentiometric titration of tetrammineplatinum(Il) bromide with 

potassium in liquid ammonia at -38° shows that the reduction of 

this salt to tetrammineplatinum(O) is exactly a two electron change 

and that the   +1 oxidation state of platinum is not an intermediate. 

Similar reduction of bromopentammineiridium(III) bromide is 

apparently more complex and leads to observed changes in potential 

that do not correspond to any reasonable or probable reactions. 

The titration of this same iridium salt with potassium amide solu- 

tion,  however,  provides evidence for the stepwise replacement 

of bromide by amido groups followed by the conversion of the 

resultant iridium(III) amide to (probably) a potassium amide- 

iridate(III).    Bromopentamminerhodium(lII) bromide and potassium 

amide react similarly,  but only to and including the formation of 

rhodium(lll) amide. 

hflU5!M*.TIP*' 
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"Mechanism of the Reduction of Potassium Tetracyanonickelate(il) and 
Potassium Hexacyanocobaltate(W) with Potassium in Liquid Ammonia" 

By George W.   Watt,  James L.  Hall,  Gregory R.  Choppin and 
Philip S.  Gentile. 

(Manuscript accepted for publication in The Journal of the American 
Chemical   Society. ) 

Abstract 

Uncertainties remaining from earlier work on the reduction of 

potassium tetracyanonickelate(II) with potassium in liquid ammonia 

at -33. 5    have been clarified by means of potentiometric titrations. 

Two one-electron steps are involved when the salt is in excess, 

and one two-electron reaction when potassium is in excess.    Potas- 

sium tetracyanocobaltate(I) has been shown to be an intermediate 

in the reduction of potassium hexacyanocobaltate(III) to potassium 

tetracyanocobaltate(O). 



i 

DISTRIBUTION LIST 

Commanding Officer 
Office of Naval Research 
Branch Office 
150 Causeway Street 
Boston,   Massachusetts 1 

Commanding Officer 
Office of Naval R.esearch 
Branch Office 
844 North Rush Street 
Chicago 11,  Illinois 2 

Commanding Officer 
Office of Naval Research 
Branch Office 
346 Broadway 
New York 13,   New York 1 

Commanding Officer 
Office of Naval Research 
Branch Office 
1000 Geary Street 
San Francisco,   California 1 

Commanding Officer 
Office of Naval Research 
Branch Office 
1030 N.  Green Street 
Pasadena I,  California 1 

Officer-in-Charge 
Office of Naval Reb*arch 
Branch Office 
Navy Number 100 
Fleet Post Office 
New York,  New York 2 

Director,   Naval Research Laboratory 
Washington 25,   D. C. 
Attention:   Technical Information 

Officer 6 

Chief of Naval Research 
Office of Naval Research 
Washington 25,   D. C. 
Attention:   Chemistry Branch 2 

Dr.   Ralph G. H.  Siu,   Research Director 
General Laboratories,   QM Depot 
2800 S.   20th Street 
Philadelphia 45,   Pennsylvania 1 

Dr.   Warren Stubblebine 
Research Director 
Chemical & Flastics Section,   RDE-MPD 
Quartermaster General's Office 
Washington 25,   D. C. 1 

Dr.  A.   Stuart Hunter 
Tech.  Director 
Research and Development Branch MPD 
Quartermaster General's Office 
Washington 25,   D. C. 1 

Dr.  A.  G.  Horney 
Office of Scientific Research 
Air Research cind Development Commar 
USAF 
Box 1395 
Baltimore,   Maryland 1 

Dr.  A.   Weissler 
Department of the Army 
Office of the Chief of Ordnance 
Washington 25,   D. C. 
Attention:   ORDTB-PS 1 

Research and Development Group 
Logistics Division,  General Staff 
Department of the Army 
Washington 25,   D. C. 
Attn:   Dr.   W. T. Read, 

Scientific Adviser 1 

Director,  Naval Research Laboratory 
vVashington 25,   D. C. 
Attention:   Chemistry Division 2 

Chief o; the Bureau of Ships 
Navy D-partment,  Attn.   Code 340 
Washir.^ton 25,  D. C. 2 

Chief of the Bureau of Aeronautics 
Navy Department 
Washington 25,   D. C. 
Attention:   Code TD-4 2 

Chief of the Bureau of Ordnar ce 
Navy Department 
Washington 25,   D.C. 
Attention:   Code Rexd 2 

r 



Dr.  H.  A.   Zahl,   Tech.  Director 
Signal Corps Engineering Laboratories 
Fort Monmouth,   New Jersey 1 

U.  S.   Naval Radiological Defense Lab 
San Francisco 24,  California 
Attn:   Technical Library 1 

Naval Ordnance Test Station 
Inyoke rn 
CHINA LAKE,  California 
Attn:   Head,  Chemistry Division       1 

Office of Ordnance Research 
2127 Myrtle Drive 
Durham,  North Carolina 1 

Technical Command 
Chemical Corps 
Chemical Center,   Maryland 1 

U.S.   Atomic Energy Commission 
Research Division 
Washington 25,   D. C. 1 

U. S.   Atomic Energy Commission 
Chemistry Division 
Brookhaven National Laboratory 
Upton, New York 1 

U.S.  Atomic Energy Commission 
Library Branch,   Tech. Info. ,   ORE 
P. O.  Box E 
Oak Ridge,  Tennessee 1 

ONR Resident Representative 
Main Building,   Room 2506 
The University of Texas 
Austin 12,   Texas 2 

National Advisory Committee 
for Aeronautics 

Lewis Flight Propulsion Laboratory 
Cleveland 11,  Ohio 
Attn:   Dr.   M.  Gerstein 1 

Chemical Corps Medical Laboratories 
Army Chemical Center,   Maryland       1 

ASTIA Document Service Center 
Knott Building 
Dayton 2,   Ohio 5 

Office of Technical Services 
Department of Commerce 
Washington 25,   D.C. 1 

Office of Secretary of Defense 
Pentagon,  Room 3D1041 
Washington 25,  D. C. 
Attention:   Library Branch 

(R and D) 1 




